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Figure S1: Emission spectrum of different luciferases. We measured the ex vivo emission spectrum of designed beetle luciferases using a F900 fluorescent spectrometer (Edinburgh Instruments, UK). Yeast strains AMV104, AMV68, AMV69, AMV16, and AMV45 were pre-grown in SCD-Met at 30°C, washed, lysed and re-suspended with substrate before measurement. The pH of yeast extract lies between ~6-7. The ex vivo emission spectrum was normalized by peak intensity for each strain. Peak wavelengths are indicated in the legend. Published in vitro peak emission wavelengths of NLuc, GrLuc, YeLuc, FLuc, RdLuc are 460 nm, 538 nm, 560 nm, 562 nm, and 623 nm, respectively (Viviani et al., 1999a; 1999b; Hall et al., 2012) . Our click beetle luciferases, GrLuc and RdLuc, were consistent with in vitro peak emission. However, peak emission of NLuc was blue-shifted ~10 nm, and the firefly luciferases (FLuc, YeLuc) were red-shifted ~50 nm. The spectrum of firefly luciferases was broader than the click beetle or marine luciferases. These results are consistent with previous reports, which show that click beetle and railroad worm luciferases are pH-insensitive, where as firefly luciferases are red shifted and have broader emission spectra in more acidic medium (Viviani et al., 2002) . Our data suggest that NLuc, GrLuc, and RdLuc would be the best combination with minimal spectral overlap for multicolor luminescence. Table S1 for details. The luminescence background (dashed, horizontal trace) is set by EMCCD camera noise. Table S1 for details. The luminescence background (dashed, horizontal trace) is set by EMCCD camera noise. Table S1 for details. The luminescence background (dashed, horizontal trace) is set by EMCCD camera noise. Figure 5 . The raw, noisy luminescence and fluorescence were smoothed with a Savitzky-Golay filter (with a span of eight data points and one polynomial degree) to reliably detect peak SIC1 or RNR1 expression. Rapid increase in signal from background is the new bud identified and tracked by the segmentation program. The vertical, dashed lines in individual traces correspond to budding, a visible cell cycle event. Statistical differences in timing between budding and peak time are reported in the Table S2 : Statistical analysis of peak luminescence and/or fluorescence minus budding time distributions for SIC1 and RNR1 promoters. Strains that were compared in pair-wise fashion are listed in the top row and left column. We analyzed strain luminescence or fluorescence signal when FLuc or YFP (i.e. yEVenus) is underlined, respectively. Our null hypothesis is that distributions are identical. The probability (p-value) that this hypothesis is correct for each pair of distributions was calculated using a two-sample Student's t-test with unequal variance. We used 1E-03 as a conservative, p-value threshold for significance (Johnson, 2013 Table S3 : Timelapse luminescence microscopy across different organisms. We ranked live-cell timelapse luminescence microscopy results from longest to shortest exposure time (in seconds). Cell size is cell diameter estimated from the literature. The CCD cameras are either intensified CCD (I-CCD), btCCD (back-thinned CCD), cryo-CCD (cryogenically cooled CCD), btEM-CCD (back-thinned, electron-multiplying CCD). For comparison, our beetle luciferase results in yeast are highlighted in red.
